Abstract: Long-term monitoring data provide a basis to recognize changes in coral reef communities and to implement appropriate management strategies. Unfortunately, coral reef dynamics have been poorly documented at any temporal scale in the Southern Caribbean. Through the "National Monitoring System of Coral Reefs in Colombia" (Spanish acronym: SIMAC), we assessed 32 permanent plots at different depth levels in six reefs areas of the Colombian Caribbean from 1998 to 2004. Temporal trends in coral and algal cover were evaluated by repeated measures ANOVA. The model included the effect of depth levels (a fixed effect), monitoring plots (a random effect) as a nested factor within depths, and time (repeated factor). We found high spatial variability in major benthic components. Overall means indicated that algae were the most abundant biotic component in nearly all areas, ranging from 30.3% at Rosario to 53.3% at San Andrés. Live coral cover varied considerably from 10.1% at Santa Marta up to 43.5% at Urabá. Coral and algae cover per se are not always accurate reef indicators and therefore they need supplementary information. Temporal analyses suggested relative stability of coral and algal cover along the study but the causes for the observed trends were rarely identified. A significant decrease (p=0.042) in coral cover was only identified for some monitoring plots in Tayrona-time x plot (depth level) interaction, and importantly, few coral species explained this trend. Significant increase (p=0.005) in algal cover was observed over time for most plots in Rosario. Temporal trajectories in algal cover were influenced by depth-significant time x depth interaction-in San Andrés (increase, p=0.004) and Urabá (decrease, p=0.027). Algae trends were mainly explained by changes in algal turfs. Monitoring programs must focus on the mechanisms mediating the changes, in particular those concerning coral recovery and reef resilience in the current context of climate change. Rev. Biol. Trop. 58 (Suppl. 1): 107-131. Epub 2010 May 01.
Historical analyses support that most of the reefs around the world were degraded before 1900 . Nevertheless, during the last three decades in the past century, Caribbean reefs have been facing unprecedented changes on geological timescales (Aronson & Precht 1997 , Pandolfi & Jackson 2006 ). An unequivocal sign of these changes is the loss of coral cover which was estimated around 5% per year until 2001 (Gardner et al. 2003 , Côté et al. 2005 . Multiple natural and anthropogenic disturbances such as coastal development (Hallock et al. 1993 , Bak & Nieuwland 1995 , Guzman & Jackson 2008 , bleaching events and hurricanes (Edmunds 2002 , Buddemeier et al. 2004 , Somerfield et al. 2008 and coral diseases (Aronson & Precht 1997 , Garzón-Ferreira et al. 2001 , Sutherland et al. 2004 ) among others have contributed to coral reductions. Algae have become more abundant on many reefs across the Caribbean as a result of coral mortality (McClanahan et al. 1999 and reduced herbivory (Hughes 1994 , Mumby et al. 2006 . Thus, coral decline and algal increase appear to be the most conspicuous features of coral dynamics in recent times.
Natural and anthropogenic factors have contributed to coral decline during the last decades in Colombia (Garzón-Ferreira & Díaz 2003) . Noticeable degradation has been observed on oceanic reefs and remote atolls (Garzón-Ferreira & Kielman 1994 , Zea et al. 1998 , Garzón-Ferreira et al. 2005 as well as in continental complexes and fringing reefs (Acosta 1994 , Díaz et al. 2000b . In the last few decades for instance, live coral cover declined more than 50% on the oceanic island of San Andrés, while Acropora spp. lost about 80-90% on the mainland coast at Islas del Rosario (Garzón-Ferreira & Kielman 1994 , Garzón-Ferreira & Díaz 2003 . Evaluations on the structure of coral communities showed that algae have been the predominant biotic component (DiazPulido et al. 2004 , Rodríguez-Ramírez et al. 2006 , 2008a . Modern natural disturbances in Colombian Caribbean reefs include hurricanes, bleaching events, epidemic diseases and algae proliferation, although some of these may also be the indirect result of human activities. Anthropogenic disturbances comprise sedimentation, eutrophication, chemical pollution, overfishing, dynamite fishing, nautical activities and coral mining. (Garzón-Ferreira & Díaz 2003) .
Similar to other Caribbean localities, the most dramatic changes on coral reefs across the Colombian Caribbean were documented between the late 1970's until the 1990's. Nevertheless, most of the information from this time period is fragmentary and many changes remain unexplained. As a consequence, monitoring programs and particular studies have devoted to fulfill the lack of information on the origins, extent and progress of reef degradation. Recent outcomes have registered differential trajectories for Caribbean reefs, varying from a continuous and overall trend of decline (Gardner et al. 2003 , Côté et al. 2005 ) to a relative stability and/or insignificant recovery at local scales (CARICOMP et al. 2002 , Rogers & Miller 2006 , Edmunds & Elahi, 2007 , Somerfield et al. 2008 . Because of the variability in coral reef responses, a better understanding of the recent dynamics of Caribbean coral reefs require further research efforts to support appropriate conservation strategies.
In this paper we present the first attempt to analyze on spatio-temporal scales the information gathered by SIMAC monitoring program ("Sistema Nacional de Monitoreo de Arrecifes Coralinos en Colombia") between 1998 and 2004. We aimed to identify the reef condition, overall spatial patterns of benthic components, and temporal variations in algal and coral cover at six Caribbean reef areas. This analysis also provides insights on local dynamics of coral reefs after major changes were registered across the Colombian reefs. Based on the findings of this research, we outline some recommendations for the long-term reef monitoring programs.
MATERIALS AND METHODS

Study areas:
The monitoring was carried out on six reef areas in the Colombian Caribbean: 1-Tayrona, 2-San Andrés, 3-Rosario, 4-San Bernardo, 5-Urabá and 6-Santa Marta. For each area, one to three depth levels were assessed: shallow (3-6m), mid-depth (9-12m) and deep (15-18m). For each depth level two or three reef sites (monitoring plots, see data analysis) were permanently established (Table  1) . Tayrona, Rosario and San Andrés included monitoring plots at three depths, San Bernardo and Urabá had shallow and mid-depth, and at Santa Marta only the mid-depth was monitored. General environmental conditions, coral reef characteristics and site locations are Means from the latest monitoring dada set (see data analysis for explanation).
df=degrees of freedom; MS=Mean squares; F=ratio statistic Greenhouse-Geisser; p=significance value *p<0.05; **p<0.01. described by .
Sampling:
Most of the reef areas were surveyed annually from 1998 to 2004 (see Table  1 in , at approximately the same time each year. Information was gathered following the SIMAC protocol which is based on the CARICOMP methodology (CARICOMP 2001) . The cover of benthic substrate was estimated using a light chain 10m long over three to five permanent transects per monitoring plot (see Table 1 in . Hard corals were identified at the lowest taxonomic level (genus or species). Steel stakes were fixed at the beginning and end of each transect so that transects could be relocated each year.
Data analysis:
In order to determine the current state for each area and to assess the spatial patterns in terms of coral and algal cover (turf, fleshy, encrusting and calcareous), the following means were calculated using only the latest monitoring data set In each area, temporal trends of coral and algae (pooled turf, fleshy, encrusting and calcareous) were evaluated by repeated measures ANOVA due to repeated sampling of the same transects. The model included the effect of depth levels (a fixed effect), monitoring plots (a random effect) as a nested factor within depths, and time (repeated factor). Considering the review and recommendations of Ende (1993) to apply repeated measures analysis, we used the univariate approach and the GreenhouseGeisser corrected probability to test F. The appropriate tests of significance of each term were also calculated using a variety of MS error terms obtained by means of the variance components of the mixed model (Milliken & Johnson 1992 , Potvin 1993 ). Since this model requires a perfectly balanced data set, we excluded those surveys (years) in which not all depth levels on each reef area were evaluated. Where significant changes in coral and algae were found, annual changes in cover were graphically examined, and trends of the most representative coral species and algal components were also analyzed using repeated measures ANOVA. Prior to analyses, covers estimated were arcsine transformed (Sokal & Rolf 1995 , Zar 1999 .
RESULTS
General condition and spatial patterns:
Overall means of coral and algal cover were 27.2% and 43.4% respectively, revealing algal dominance in most of the areas studied (Fig. 1) . A similar coral vs. algae pattern was observed over the three depths as follow: 34.5% vs. 42.3% in shallow, 25.3% vs. 45.1% in middepth and 24.1% vs. 38.4% in deep plots (Fig.  2) . This pattern is the result of higher cover of algae relative to coral in 75% of the monitoring plots (Table 1 ). Live coral cover at different monitoring plots ranged greatly from 5.4% at Santa Marta to 67.2% at Urabá, and algal cover from 23.2% at Urabá to 81.8% at San Andrés (Table 1 ). In general, these maxima and minima values were found in the shallow plots.
Overall means (Table 2) indicated that algal turf was the most abundant algal and biotic component in nearly all reef areas, ranging from 14.7% at Rosario up to 44.2% at Santa Marta. Nevertheless, at Urabá the hard coral Siderastrea siderea was the main biotic component with 30.7% cover (Table 2) . Other components such as encrusting algae, fleshy algae and sponges showed noticeable covers of 13.7% (Tayrona), 12.8% (San Andrés) and 7.2% (Santa Marta). Coral species reaching up to 10% cover were Montastraea faveolata (10.3% and 9.2%) in Tayrona and San Bernardo respectively, M. franksii (7.1%) in San Andrés, Agaricia teunifolia (12.8%) in Rosario, and Diploria strigosa (2.7%) in Santa Marta (Table 2) .
At the plot level, the highest percentages in coral components were observed for S. siderea in shallow plots at Urabá (65.4%), M. faveolata in shallow plots at Tayrona and San Bernardo (13.3% and 14.5% respectively), M. franksii in deep plots at San Andrés (8.9%), and A. teunifolia 24.6% in the mid-depth plots at Rosario (Table 2) . Cover percentages for all biotic components by plot are showed in Table 2 .
Recent dynamics: Repeated measures ANOVA showed that there were no significant changes in coral cover from 1998 to 2004 for most of the areas (Table 1 ). The only significant temporal change in coral cover depended on the monitoring plots at Tayrona -significant time x plot (depth level) interaction, p=0.04. Coral cover differentially varied among some monitoring plots (Fig. 3A , B, C), decreasing in one of the shallow plots (Chengue 2) and also in both of the deep plots. Total rates of coral loss ranged from -6.0% to -11.1% (Fig. 3D , 
Means of biotic components for each monitoring plot and area (overall)
Area Tayrona San Andrés
Rosario
Reef sites Means from the latest monitoring dada set (see data analysis for explanation). *=Turf+abiotc substrate.
Codes for monitoring plots in Garzón-Ferreira and Rodríguez-Ramírez (2010). 3F). None of the mid-depth plots or the other shallow plot (Chengue 1) showed patterns of change in coral cover. While positive and negative variations in coral cover were identified for these plots, the total percentages of change were less than -4% (Fig. 3D, 3E ). For monitoring plots where there were significant declines in coral cover, the changes in coral species did not necessarily follow the overall trend (Fig. 4) . Although several variations were observed (increases or decreases), only S. siderea and Acropora palmata at shallow plot of Chengue 2 (Fig. 4A) , and Montastraea cavernosa at both deep plots (Fig. 4B, 4C ) significantly decreased (p=0.014, p=0.010, p=0.019, p=0.009 respectively). Total percentages of change were -3.2% (S. siderea), -4.4% (A. palmata), -6.1% and -8.0% (M. cavernosa).
Repeated measures ANOVA displayed significant changes in algal cover at Rosario, San Andrés, and Urabá (Table 1) . At Rosario, there was a significant time effect (p=0.005) explained by increases in algal cover for most of monitoring plots during the studied period (Table 1 ; Fig. 5A , B, C). The percentage of algal cover increased 5.4% from 1998 to 2003, being from 1999 to 2001 the years of major increase (Fig. 5D ). Repeated measures ANOVA identified significant trends for these algal components: encrusting algae (p=0.023) and algal turf (p<0.001) increased while fleshy algae (p<0.001) decreased (Fig. 6) . The total percentages of change for the algal components were 7.5% (turfs), 2.3% (encrusting) and -5.2% (fleshy). There was no significant change in the abundance of calcareous algae (Fig. 6) .
At San Andrés, temporal differences in the algal cover depended on the depth (significant time x depth interaction, p=0.004, Table 1 ). Both plots at each depth showed a similar trend (Fig. 7A, B, C) . Variations in the annual percentages of change resulted in a slight decrease at shallow plots (-2.3%), but important increases at mid-depth and deep plots (8.1% and 8.3% respectively; Fig. 7D, 7E ). Repeated measures ANOVA indicated significant changes in cover of several algal components by depth levels. Significant increase for encrusting, fleshy and calcareous algae at shallow level ( Fig. 8A ; all p<0.001) and for turfs and encrusting at both mid-depth and deep levels ( Fig. 8B, 8C ; all p<0.05) were detected. In contrast, turfs and calcareous significantly decreased at shallow and mid-depth plots respectively ( Fig. 8A, 8B ; p<0.001 and p=0.011 respectively). The total percentages of change were as follows: for turfs -15.1% (shallow), 3.8% (mid-depth) and 9.1% (deep), for encrusting 8.3% (shallow), 6.5% (mid-depth) and 4.8% (deep), for fleshy 1.6% (shallow), and for calcareous 2.9% (shallow) and -3.0% (mid-depth). In Urabá, temporal changes in algal cover were also influenced by the depth-significant time x depth interaction, p=0.027- (Table 1) . Thus, the algae trajectory in the shallow plots decreased along the evaluated time, but was quite stable in the mid-depth plots (Fig. 9A, 9B). The annual percentages of algae change in the shallow plots were in the order of -5%, accumulating a total of -9.3%, while percentages of change were negligible in the mid-depth plots (Fig. 9C) . Although most of algal components tended to decrease over the study period at shallow level, repeated measures ANOVA indicated significant decrease trend only for algal turf and calcareous algae (Fig. 10, p=0 .044 and p=0.042 respectively). The total percentages 
DISCUSSION
General condition and spatial patterns: Overall, the monitoring plots exhibited a wide range of coral (5.4%-67.2%) and algal cover (23.2%-81.8%). Because of this high variability, general spatial patterns are difficult to identify. Several local studies have also identified high spatial variability not only within the main coral reef areas of Colombia (López-Victoria & Díaz 2000, Díaz et al. 2000a , Cendales et al. 2002 , Friedlander et al. 2003 , Sánchez et al. 2005 ) but also when compared (Díaz et al. 2000b , Diaz-Pulido et al. 2004 ). Evaluations on regional scale such as CARICOMP and AGRRA also reveal similar results. For instance, algal cover can range from less than 5% in Cayo Sombrero, Venezuela up to 90% in Puerto Morelos, México (CARICOMP et al. 2002 , Linton & Fisher 2004 and coral cover can vary from 2.5% in Costa Rica to 57.8% in Flower Garden Banks, USA (Kramer 2003) .
Despite the high variability in the algal component, two general spatial patterns were identified: 1) algae were predominant over the other living organisms (including corals) and substrate categories and, 2) algal turfs were the most abundant algal component (turf >encrusting>fleshy>calcareous). The scenarios recognized here are consistent with those previously documented for the Caribbean and Western Atlantic (Liddell & Ohlhorst 1993 , Hallock et al. 1993 , Ginsburg 1994 , Hughes 1994 , Shulman & Robertson 1996 , McClanahan & Muthiga 1998 , Aronson & Precht 2000 , Edmunds & Carpenter 2001 , CARICOMP et al. 2002 , Kramer 2003 , Diaz-Pulido et al. 2004 . This generalized condition appears to be the result of decline processes experienced by coral reefs during the past decades and is mainly associated with a combination of natural and antropogenic factors (Done 1992 , Hallock et al. 1993 , Hughes 1994 , Hughes & Connel 1999 , Nyström et al. 2000 , Szmant 2002 , Gardner et al. 2003 , Burke & Maidens 2004 , Buddemeier et al. 2004 . High algae abundance, particularly algal turfs, must however be interpreted as a consequence but not as a cause of coral mortality , Diaz-Pulido & McCook 2002 . Hard corals displayed two main spatial patterns related to their abundance and composition: 1) percentage cover of individual species rarely exceeded 10% and, 2) total living coral was accounted by few species. Montastraea spp. were the most represented hard corals for many of the monitored plots at Tayrona, San Bernardo and San Andrés, while A. teunifolia was the most abundant species at Rosario. Similarly, the predominance of these species has been observed across the Colombian Caribbean (Diaz-Pulido et al. 2004 ) and also in the Wider Caribbean (Kramer 2003 , Rogers & Miller 2006 . In contrast, high cover of the reef-building coral S. siderea was measured in Urabá. This species predominates in the shallow fringthe shallow fringing reefs (up to 67.2%), comprising around 97% of the total living coral. Since other coral reef assemblages at Urabá have shown unequivocal signs of decline, for example extensive debris field of Acropora cervicornis and dead colonies of Agaricia spp. overgrown by algae (Díaz et al. 2000a) , the high abundance of S. siderea could have importance in terms of coral reef resistance and resilience. This species appears to be more tolerant than other coral species experiencing similar perturbations in the area.
Our results allowed insights on the limitations of the coral and algae values as reef health indicators. While we identified that coral cover varied over scales from meters to kilometers, we emphasize that this characteristic is not only associated with degradation as variability may also naturally occurs. San Andrés is a clear example where coral cover varies from 7.3% to 26.0% over a meter scale (30-100m) as a result of both the natural variation and degradation. Although general declines in coral cover have been identified for this area (Díaz et al. 1995 , 2000b , Zea et al. 1998 , low mean coral cover corresponded to the shallow plots where this condition is typical-calcareous terraces with scattered encrusting or massive corals (Díaz et al. 2000b) . Santa Marta and Tayrona reefs displayed differences in coral cover ranges (from 5.4% to 14.8% and from 23.2% to 38.7% respectively) even though they are located few kilometres apart. Unlike San Andrés, the poor coral cover in Santa Marta is explained by a well-documented decline process mainly associated with unmanaged coastal development in the area (Zea 1993 , Acosta 1994 , Díaz et al. 2000b , Garzón-Ferreira & Díaz 2003 . We also identified challenges with using coral or algal cover, independently for comparative purposes. Although plots can have similar coral cover, their algal cover can be different (see Ceycen shallow vs. Cabo Tiburón shallow and Tesoro deep vs. Capurganá mid-depth, Table 1 ). Disregarding algae cover for these cases could lead to inaccurate interpretations as coral cover alone is similar among these plots. Furthermore, simply comparing coral cover between areas without considering species composition overlooks meaningful ecological differences. For instance, the highest coral cover registered in this study was for a single species (S. siderea) which is ecologically different than high coral cover comprising several species. Different perspectives regarding the limitations of coral cover as indicators of reef health have been argued for more than ten years. Birkeland (1997) pointed out that low coral cover may occur in a "healthy" community, depending on the particular circumstances. Hughes & Connell (1999) discussed the difficulties defining normal values for coral reef indicators since low coral cover could indicate the short-term impact of a recent natural disturbance or spatial variability in coral abundances. Hughes & Tanner (2000) cautioned that coral increases may occur in a population despite its imminent decline (and vice-versa) . According to Jackson (1997) there is no historical baseline data for the condition of coral reefs to support accurate conclusions about current coral reef health. Given that managers and stakeholders require information to implement appropriate conservation strategies, the lack of information is problematic. Thus, covers of coral or algae alone are not sufficient to determine reef condition and this illustrates the constraints associated with their use as status indicators. Determining a consensus on benchmarks that establish the status of coral reefs through an examination of both historic and current data is necessary.
The Caribbean coral reefs in Colombia cover more than 2 800km 2 and are scattered among 24 areas that display a high diversity of habitat types (Díaz et al. 2000b) . Based on these characteristics and the plots here assessed, our outcomes represent the first attempt to quantiattempt to quantito quantito quantitatively identify the coral reef status on several areas after declines in the 1980's and 1990's. The values for algae and coral cover need to be interpreted cautiously and combined with additional information such as reef type, depth, biotic components, historical context, and local environmental conditions.
Recent dynamics:
The results of this study are meaningful because they document reef trends in the Southern Caribbean after decades of coral reef degradation. In this region coral and algal dynamics have been poorly documented at any temporal scale. Our findings did not show overall pattern of decrease in coral cover or increase in algae cover for six monitored reef areas but did suggest a stability of coral reefs from 1998 to 2004. This appears to conflict with two meta-analyses pointing out significant trends of decline in the Caribbean, in particular the loss of coral cover and/ or increase in algae abundance (Gardner et al. 2003 , Côté et al. 2005 . Our results neither reject nor support such trend because they are slightly outside the scope of these meta-analyses . The most dramatic changes across the Caribbean (including Colombia) were observed in the late 1970's, through the 1980's and into the early 1990's when multiple natural and human stressors interacted broadly (Dustan & Halas 1987 , Hughes 1989 , Porter & Meier 1992 , Liddell & Olhorst 1993 , Garzón-Ferreira & Kielman 1994 , Shulman & Robertson 1996 , McClanahan & Muthiga, 1998 , Hughes & Tanner 2000 , Jackson et al. 2001 . No major disturbances have been recorded at the Colombian Caribbean reefs from 1998 to 2004 (Garzón-Fereira et al. 2004 , Rodríguez-Ramírez et al. 2006 , which could lead to a short-term stability in coral and algal cover. Recent studies on coral reef dynamics elsewhere in the Caribbean and Florida Keys have shown a similar pattern of stability in coral cover during the period from 1999 to 2003 (Rogers & Miller 2006 , Edmunds & Elahi, 2007 , Somerfield et al. 2008 . However, the lack of coral cover decrease in the monitored plots does not imply that other Colombian reefs have not been experiencing declines. It has been documented that losses in coral cover have occurred on continental and oceanic reefs of Colombia (i.e. , see Sánchez et al. 2010 .
The general trend of stability recognized here supports studies highlighting an overall lack of recovery in coral cover throughout the Caribbean (Connell 1997 , Rogers & Miller 2006 , Edmunds & Elahi, 2007 , Somerfield et al. 2008 . Our outcomes suggest negligible contributions to coral recovery through adult colony growth. Exceptional cases have recorded significant increases in coral cover attributed to growth of pre-existing colonies across the Caribbean (Bythell et al. 2000 , CARICOMP et al. 2002 , Rogers & Miller 2006 . Because the growth rate for most representative species in the monitoring plots is only a few millimetres per year (e.g. Montastraea complex) (Hubbard & Scaturo 1985) , longer monitoring timescales may be required to detect significant changes in coral cover. Recovery processes linked to recruitment require further investigation as the SIMAC program does not assess the abundance of recruits and only few studies in Colombia have focused on this subject (Vidal et al. 2005 , Acosta et al. 2006 , López-Londoño et al. 2007 , Pizarro et al. 2007 . While corals are currently recruiting in many places across the Caribbean (Cho & Woodley 2002 , Kramer et al. 2003 , Carpenter & Edmunds 2006 , recruitment failure and demographic models indicate that coral populations cannot be restored by recruitment (Hughes 1996 , Hughes & Tanner 2000 , Edmunds & Elahi 2007 . Thus, monitoring programs must evaluate the role of recruitment on local spatial scales in order to provide insights on coral reef dynamics and long-term recovery trends.
The only significant change in coral cover was detected at Tayrona, and importantly, few species explained the trend. S. siderea and A. palmata at a shallow plot (Chengue 2), and M. cavernosa at two deep plots registered significant decreases. Reductions in A. palmata were associated with impacts from hurricane Lenny in 1999. This hurricane did not strike Colombia but caused unusually strong waves along the coast and damage on coral reefs at Tayrona (Rodríguez-Ramírez & Garzón-Ferreira 2003) . Shortly after the disturbance, we observed injuries to massive corals whereas branching corals, mostly A. palmata, were overturned and/or shattered. For this species, there was no sign of recovery post 1999 in follow-up assessments (Fig. 4A) . In contrast, the reasons for the decline of M. cavernosa and S. siderea remain unclear. While the continuous reductions for M. cavernosa (Fig. 4B, 4C ) may reflect the effects of chronic mortality, low prevalence of coral diseases have been recorded at these plots , suggesting alternative mechanisms. A major decrease in S. siderea cover between 1998 and 1999 ( Fig.  4A ) appeared to be associated with a period of bleaching events at Tayrona. Nonetheless, studies documented that those events had little effect on coral mortality (Rodríguez-Ramírez & Garzón-Ferreira 2003 , Rodríguez-Ramírez et al. 2008b . Several studies have documented that individual reefs or coral species may follow variable trajectories depending on local disturbances or conditions (Hughes 1989 , Shulman & Robertson 1996 , Connell et al.1997 , Bythell et al. 2000 , Edmunds 2002 , Rogers & Miller 2006 , Somerfield et al. 2008 . Our findings indicated that the recent declines in coral cover occurred locally on some species suggesting differential responses of corals to the same stressors. Results from this study document the importance of evaluating temporal changes at lower levels of resolution because trends in overall coral cover may mask variations within lower taxonomic units.
As expected, algae were the most dynamic component evaluated and two major aspects were documented. First, temporal patterns in algal cover displayed considerable variability among and within areas. Although algal cover remained stable over the monitoring period for some areas (Tayrona, San Bernardo and Santa Marta), significant trends were identified for Rosario (significant time effect with generalized increase), San Andrés (changes influenced by the depth, decrease at shallow plots and increases at mid-depth and deep plots) and Urabá (changes influenced by the depth, decrease at shallow plots). This variability demonstrates that algae responded differentially after coral cover declines and they did not necessarily increase in recent years. Similarly, no distinct trends in algal cover have been evident across the Caribbean (CARICOMP et al. 2002) . Second, areas where there were significant changes in algal cover, only some algal components explained the overall trend. In general algal turf accounted for more variation in algal changes than any other functional group. This provides further evidence to support the recommendation to evaluate temporal dynamics at low taxonomic levels (coral species or algal functional groups) since trends among similar benthic organisms may be not uniform. Some studies have found that patterns of change in cover of algal components such as macroalgae and turf may differ (Edmunds 2002 , Rogers & Miller 2006 .
Differential trajectories of algae and their components in each area suggest that they could be locally affected by biotic and environmental factors and their interactions. Abundance of herbivorous fish and sea urchins (unpublished data) could not be used to explain algal trends because these data sets are shorter (2002) (2003) (2004) than reef benthic information. Very few studies in Colombia have related algal abundance with biological and environmental variables (DiazPulido & Díaz 1997 , Diaz-Pulido et al. 2004 . In general, the abundance of benthic algae was attributed to coral mortality in concert with low levels of herbivory (Diaz-Pulido et al. 2004) . Relations between temporal variations in algal cover and environmental factors are even scarcer for Colombia. Seasonal changes in algal abundance on continental reefs were associated with seawater temperature (Diaz-Pulido & Garzón-Ferreira 2002) . Consequently, it is critical to investigate the processes regulating algal abundance in monitoring reefs in order to explain the trends and, most importantly their role in reef dynamics. Since algal turfs are the most abundant and dynamic benthic component on monitored reefs, we suggest monitoring efforts to determine the processes mediating their abundance and effects on corals. While there is some evidence of competitive superiority of corals over algal turfs (McCook 2001 , Jompa & McCook 2003a , 2003b , the general consensus is that algae (including algal turfs) may prevent coral recruitment and recovery (Birkeland 1977 , Hughes 1989 , Diaz-Pulido & McCook 2002 , Birrell et al. 2005 , Rogers & Miller 2006 , Box & Mumby 2007 .
In summary, our findings expand the knowledge about the status and recent dynamics on six coral reefs areas in Colombia, subsequent to reef decline that occurred across the Caribbean. These findings are essential to develop guidelines for reef biodiversity management in Colombia, complement the data on the long-term coral reef dynamics in the Caribbean, and serve as a "baseline" for future studies. Monitored sites in Colombia resemble many reefs across the Caribbean where algae are the most abundant biotic component. We draw attention on the limitations of using coral or algae cover per se as reef indicators of reef health because these values alone may lead to erroneous interpretations on the reef condition. Supplementary information such as reef type, depth, and biotic components in an historical context is required in order to have a more realistic picture of reef status. Recent dynamics in the studied reefs were characterized by: 1) a slowing of coral reef decline in recent years -no general trends of coral decrease or algal increase, 2) an overall lack of coral recovery at monitored plots. Temporal analysis disclosed differential trajectories in coral and algal cover which were explained by few coral species and algal components. Hence, monitoring programs need to evaluate not only overall changes of coral or algae but also the trends of their components (coral species and algal functional groups). Because the causes of the observed trajectories were not often identified, reef monitoring should assess the mechanisms mediating the changes, in particular those concerning coral recovery and reef resilience in order to find key answers to face coral reefs decline in the current context of climate change. 
RESUMEN
Este trabajo contiene el primer análisis temporal de la información obtenida por el Sistema Nacional de Monitoreo de Arrecifes Coralinos en Colombia (SIMAC). Entre 1998 y el 2004 se monitorearon un total de 32 parcelas permanentes ubicadas a diferentes niveles de profundidad en seis áreas arrecifales del Caribe colombiano. Los patrones temporales de algas y corales fueron evaluados mediante análisis de varianza de medidas repetidas. Los promedios generales indicaron que las algas dominaron en la mayoría de las áreas evaluadas, variando de 30.3% (Rosario) hasta 53.3% (San Andrés). La cobertura coralina fluctuó considerablemente entre 10.1% (Santa Marta) y 43.5% (Urabá). Los arrecifes estudiados han permanecido relativamente estables durante el periodo evaluado en términos de algas y corales. El único cambio significativo en la cobertura se detectó en algunas parcelas de monitoreo del Tayrona, y pocas especies coralinas explicaron la tendencia de disminución. En Rosario se detectó una tendencia significativa de incremento para las algas en la mayoría de las parcelas. En San Andrés y Urabá las tendencias temporales (aumento y disminución respectivamente) se presentaron en ciertos niveles de profundidad. En estas dos áreas las tendencias en la cobertura de las algas fueron explicadas principalmente por cambios en los tapetes algales. En general las causas de los patrones observados no pudieron identificarse. Los programas de monitoreo deben evaluar no solo las tendencias generales de algas y corales sino también las de sus componentes (especies de coral y grupos funcionales de algas). Así mismo, deben enfocarse en evaluar los mecanismos involucrados en los cambios, en especial aquellos relacionados con la recuperación coralina y la resiliencia arrecifal, de manera que se pueda enfrentar el deterioro arrecifal en el actual contexto de cambio climático.
Palabras clave: Monitoreo, arrecifes de coral, condición, dinámica, SIMAC, Caribe colombiano.
